Contacts of tuberculosis (TB) cases in households or
INTRODUCTION
Tuberculosis (TB) is a highly contagious disease which is, most times, spread by aerosols from patients with active pulmonary disease through coughing, sneezing and even speaking and singing. Thus, contacts of TB patients (close or casual) are at risk of getting infected. Clustering of TB cases within families has been recognized for a long time but it has not been clear whether this clustering reflects genetic factors predisposing the individuals or physico-social factors. A case control study in the Gambia showed that polymorphism in the NRAMP-1 gene was significantly associated with susceptibility but it was not possible to distinguish between susceptibility to M. tuberculosis infection and disposition to disease progression (Bellamy *Corresponding author. E-mail: chrisuiroegbu@yahoo.com. Tel: 00 213 34 502687. et al., 1998) . Other case control studies among the Gambians (Bellamy et al., 1999) and among the Gujarati Asians in UK (Bellamy et al., 2000) found that a polymorphism in the VDR gene is also associated with susceptibility to TB. Furthermore, a genome-wide scan of sibling pairs from the Gambia and South Africa identified potential susceptibility loci on chromosomes 15q and Xq (Anderson and Geser, 1960) .
Epidemiologic studies have, however, shown that risk of active TB disease is increased among close contacts of sputum-smear positive patients and that the prevalence of the active TB disease increased with intimacy of contact (Rouillion et al., 1976; Philip et al., 2006) . In a recent clinic-based case control study on the risk factors for pulmonary tuberculosis (Genewein et al., 1993) , it was observed that household exposure to a known TB case was by far the most important risk factor for TB. In that study, 45% of cases admitted household exposure to known TB case compared with 11.0% of the (Madico et al., 1995) . The work reported here was undertaken to determine the extent to which contacts of TB cases with or without HIV infection within family and other settings get infected with M. tuberculosis.
MATERIALS AND METHODS

Sample population
The TB cases were those confirmed in this study by sputum smear microscopy or by culture; at the Chest Clinic of the Abia State University Teaching Hospital (ABSUTH), or admitted at the Infectious Diseases Hospital (IDH), Aba, Nigeria. The contacts of TB cases were either family members living in the same accommodation as a household or persons who, at one time or another, shared space in classroom, office, market stall, etc. with the TB case; or were visitors to or staff at the hospital where TB case(s) was admitted. They were recruited for the study following information volunteered by the patients or the individuals in response to a questionnaire. All individuals participating in the study joined voluntarily after the objectives and benefits of the study were explained to them both in English and in their respective native dialects. Ethical approval for the study was given by the Ethical and Biosafety Committee of Abia State University Teaching Hospital where most of the work was carried out.
Collection and examination of sputum
Early morning sputum specimens were obtained from the patients in three consecutive days in sterile wide-mouthed disposable containers (Sterilin). The sputum was digested in equal volume of 4% (w/v) NaOH, subsequently neutralized with 2N HCl and centrifuged at 3000 rpm for 5 min in a Gallenkamp bench-top centrifuge. Three smears of the sediment were made on three clean grease-free slides, air-dried and heat-fixed and examined microscopically after staining by the Ziel Neelsen method (BBL, 1995) .
Isolation and characterization of Mycobacterium tuberculosis from sputum specimen
Both the undigested and NaOH-digested sputum specimens were inoculated on to separate screw-capped tubes of modified Lowenstein-Jensen (L-J) egg medium prepared as described by BBL (1995) . Each inoculated L-J medium was incubated at 37°C for 8-10 weeks; and smears made from the emergent growths on the L-J slopes were stained by the Ziel-Neelsen method and examined microscopically for acid-fast-bacilli (AFB). AFB-positive growths were further tested for nitrate reduction, niacin and catalase production, and for hydrolysis of Tween-80, at the TB-Unit of the Nigerian Institute for Medical Research, Yaba, Lagos, using standard bacteriological techniques.
Screening for exposure to Mycobacterium sp by the tuberculin skin test method
The tuberculin skin test ( 
Screening for Human immunodeficiency virus (HIV) infection
Serum samples obtained from the blood collected from the subjects were tested for HIV antibody using Immunocomb II (Organics Ltd., Yavne 706 50, Israel); and sera that tested positive were confirmed using SUDS HIV 1 and 2 ELISA test kits (Murex Diagnostics).
Cohort study
Contacts were tested, categorized in cohorts and observed for outcomes in 6-monthly intervals as shown in Table 1 . The six monthly interval for the follow-up studies was adopted as recommended by Styblo and Bumganer (1991) , assuming that TB infection/cases are detected 4 months post-exposure or not at all. Household in this study includes all persons living in a house, a flat or a room apartment, and interacting as members of one family irrespective of biological relationship. Opportunistic infections were studied as factors that could contribute to progression of HIV infection to AIDS, lead to debilitation that could activate dormant TB and or hasten death.
Statistical analysis
Data were analysed using the Chi Square Statistics.
RESULTS
A total of 633 known contacts of TB patients, aged 1 year (Table 5) .
As the cohort study progressed, opportunistic infections were diagnosed among the TB/HIV/AIDS patients either singly or concomitantly at frequencies shown in Table 6 . The major pathogen was Klebsiella pneumoniae, which occurred either singly (46.9%) or in conjunction with Candida albicans (34.4%) and Aspergillus species (9.4%). Other organisms isolated were Escherichia coli and Staphylococcus aureus (each together with Candida albicans) while Pseudomonas aeruginosa appeared singly in an individual (Table 6 ).
DISCUSSION
Overall, 47.4% of the contacts of the TB cases were TSTpositive showing that they were infected by or exposed to M. tuberculosis. The public health implication is that they represent individuals with chances of progression to overt TB when they would be infecting others. This probability becomes even higher with concomitant or subsequent HIV infection due to impairment of the immune system. Thus, the 35.9% prevalence of TST singly positive cases, the 11.5% TST + HIV + cases and the 6.6% HIV (single) infections detected among contacts of TB patients are epidemiologically significant. The rates are higher among the household contacts with 51.2% overall TST-positive (that is, 47.7% TST + HIV -and 3.5% TST + HIV + ). Household contacts of a TB case, particularly, have been noted to be at high risk for M. tuberculosis infection or transmission in Africa and elsewhere (Crampin et al., 2004; 2006) . The differences in distribution of TSTpositive individuals in the various age groups was not statistically significant (P>0.05) and this agrees with the findings of Crampin et al. (2004) in Malawi that TST- positive cases did not vary according to age (or sex) irrespective of whether the contact tested was casual or close with the TB case. The 22.2% inferred M. tuberculosis infection rate among the 1-9 year old is significant from the child health and survival perspectives since most studies and control programmes appear to have neglected childhood tuberculosis (Starke, 2002) . The 66.7% TST-positive case detection in the husband and wife TB-case/-contact relationship and the 65.5% in the mother (TB-case) and child (contact) relationships observed in this study, suggest a fairly high rate of transmission through close contacts. This is certainly higher than the rate observed among household contacts other than siblings and husband and wife (47.1%). Since the latter groups may not be categorized as casual as such, it may be important to determine how these actually compare with the rates among casual contacts. Two studies carried out in Malawi (Crampin et al., 2004 (Crampin et al., , 2006 independently suggested that many contacts leading to M. tuberculosis infection were rather casual. The TSTpositive cases among the mother (TB case)-child contacts (65.5%) were proportionally nearly double those of the father (TB case)-child (contact) relationships (35.0%). Kenyon et al. (2002) had shown that contacts that put household members, particularly children, at greater risk of M. tuberculosis infection were those with the female TB patient (notably, the mothers) rather than the male TB patients (notably, the fathers). This can be explained by the greater closeness of the female members (particularly, the mothers) of the family with the (100) 3 (100) 11 (100) 32 (100) siblings compared with the males or fathers. The high infection rate among contacts of TB patients greatly underscores the need for routine screening of contacts for early detection of M. tuberculosis infection and intervention in any TB control programme. In rural Malawi districts, contact-tracing of members of the households of TB cases reportedly helped to reduce the morbidity and mortality associated with childhood TB by up to 99.1% (Sinfield, 2006) . The reluctance of family members to take the tuberculin skin test could be a major setback in using this survey method to the fullest advantage to detect the population at risk in order to administer prophylactic treatment. This setback could be overcome through education of the populace or, where inevitable, legislation. The 40.0% M. tuberculosis infection rate among contacts of TB + HIV + patients is apparently lower than the rate among contacts of TB + HIV -(56.3%) patients, thus signifying a lower transmission rate among the former. Similar observations have been severally reported (Elliot et al., 1993; Cauthen et al., 1996; Espinal et al., 2000; Crampin et al., 2004 Crampin et al., , 2006 . The reason for this is not clear; but it could be due to diminished cell-mediated immune responses in the HIVinfected patients particularly as the infections progressed towards full blown AIDS. This may result in poor granuloma formation and dissemination of the bacilli to other body sites rather than having a high concentration of the bacilli in the granuloma, principally in the lungs. Consequently, transmission of the bacilli by this category of patients within and outside households tends to be reduced (Gilks et al., 1990; Lado et al., 1999; Crampin et al., 2006) . However, the relatively lower infectiousness of TB + HIV + patients may not be interpreted to mean a minor role in M. tuberculosis transmission, particularly in cases like those reported in this work in which patients had apparently not progressed to the advanced stages in HIV/AIDS disease.
The key observations in the 3-year cohort study were that significantly higher proportion of Whalen et al. (1995) showed that active TB among HIV infected persons was associated with accelerated progression of HIV infection to full blown AIDS and increased death rate. Klebsiella pneumoniae was the major opportunistic pathogen, occurring singly (46.95%), concomitantly with Candida albicans (34.4%) or with Aspergilus sp in addition (9.4%). Although the cases may be considered too few to make any meaningful inference regarding AIDS case definition in the region; it may suffice to note that the combined effects of TB and HIV on the immune response of the patients are likely to predispose them to these opportunistic infections.
